cle access across private land from the maintained road in Grasshopper Creek valley.
The Pioneer Mountains are made up mostly of Proterozoic, Paleozoic, and Mesozoic sedimentary rocks that have been intruded by Late Cretaceous and early Tertiary igneous rocks; minor sedimentary and volcanic rocks of Tertiary age are also present (see geologic time chart in the appendix). A northerly trending belt of thrust faults passes through the Pioneer Mountains. Evidence for thrust faulting has been noted in most preTertiary sedimentary rocks, and Proterozoic rocks everywhere in the range are probably parts of thrust plates. Steep faults are also common, cutting igneous as well as sedimentary rocks.
Bedrock in the Farlin Creek area is chiefly a fairly uniform, light-gray granodiorite of Cretaceous age, part of a protrusion from the Pioneer batholith, a large body that forms the high central part of the eastern Pioneer Mountains and extends across the western Pioneer Mountains as well. The granodiorite is rather friable and weathers to low rounded outcrops and to thick granular soil consisting of small rock fragments and fairly fresh grains of quartz, feldspars, biotite, and hornblende. Other intrusive igneous rocks, slightly older than the granodiorite but also of Cretaceous age, are present near the study area. The only other bedrock within the area is Proterozoic quartzite, which underlies a small area along the north edge and is intruded by granodiorite. Similar quartzite is widespread in the rest of the Pioneer Mountains. Near the granodiorite, the quartzite typically contains small light to dark dikes related to the granodiorite and has been partially recrystallized. As a result of this heating, new muscovite, biotite, and chlorite have formed in the quartzite. Surficial deposits include a block stream in the east-central part of the study area and minor amounts of reworked granitic debris along the V-shaped stream valleys. The block stream consists dominantly of blocks of quartzite that moved as a mass down Farlin Creek from the southwest flank of Baldy Mountain, about 1 mi to the east.
No evidence of faulting was found within the Farlin Creek area; however, the Proterozoic quartzite is interpreted to be part of the upper plate of a thrust fault. In the vicinity of the study area, the base of the thrust plate is speculated to lie at a depth of hundreds or perhaps thousands of feet.
Numerous small to moderate-sized mining districts are in the Pioneer Mountains. The Farlin Creek area lies between two of these: the Polaris district, 0.5 mi to the north, and the Baldy Mountain district, 1-4 mi to the southeast. In these districts, gold and silver have been mined from veins in carbonate rocks; the absence of these favorable rocks from the Farlin Creek area indicates that deposits of this type are not likely to occur there.
Mineral Resource Potential
No identified mineral resources are in the area, nor has direct evidence of mineralization been found. Electrical, magnetic, and gravity geophysical data are interpreted to suggest that altered rocks occur at depth in three places, but this interpretation is not supported by any other evidence despite the availability of rather complete geological, geochemical, and geophysical data. The mineral resource potential of the areas of these geophysical anomalies is moderate for resources of molybdenum ( fig. 2 ). The potential of the rest of the area for all metals and of the entire area for nonmetals, fuels, and geothermal energy is low.
INTRODUCTION
The Farlin Creek Wilderness Study Area (MT-076-034) is in the south-central Pioneer Mountains in Beaverhead County, southwestern Montana ( fig. 1 ). It is 24 mi west-northwest of the city of Dillon. At the request of the U.S. Bureau of Land Management (BLM), the U.S. Geological Survey (USGS) and the U.S. Bureau of Mines (USBM) studied 610 acres of the Farlin Creek Wilderness Study Area. In this report the studied area is called the "wilderness study area" or simply the "study area." The area consists of most of sec. 4, T. 6 S., R. 12 W., and SW'/4 sec. 34, T. 5 S., R. 12 W. (pi. 1). Beaverhead National Forest is contiguous on the north, east, and south sides, and private land and other BLM land is contiguous on the west side. Typical of moderate slopes at intermediate elevations (6,800-7,700 ft) in this region, the area is mostly covered by Douglas fir forest. Farlin Creek flows through the area, draining most of it, and Steel Creek drains a small area along the south edge. Both Farlin and Steel Creeks are small perennial streams tributary to Grasshopper Creek to the west. At the head of Farlin Creek, 2 mi to the east, Baldy Mountain rises above timberline to 10,568 ft. Vehicular access from the maintained gravel road along Grasshopper Creek is limited because the old logging and mining roads that approach the area cross private land and are in disrepair.
The USBM searched Beaverhead County records for evidence of mining claim staking, traversed the area in search of mines and prospects, mapped and sampled prospects, and collected and panned samples of alluvium from streams. The USGS revised part of an existing geologic map (Pearson and Zen, 1985) , conducted a gravity survey that augmented data from a previous survey (Kaufmann and others, 1983) , made ground magnetic traverses that were used in conjunction with an earlier aeromagnetic survey (U.S. Geological Survey, 1979) , and made electrical studies using telluric and audio-magnetotelluric techniques. Both agencies collected rock and pannedconcentrate samples for analysis, and analytical data from a previous stream-sediment geochemical survey were used. The study area also had been studied previously as part of the eastern Pioneer Mountains (Pearson and others, 1983) but was not specifically discussed in that report. Because the area is very small, its geology simple, and its mineral resource potential low or moderate, no companion reports on geology, geochemistry, aeromagnetics, or gravity are planned. Results of the electrical surveys are described in greater detail by Hoover and Pierce (1985) . Results of USBM investigations were previously released (Schmauch, 1985) .
This report presents an evaluation of the mineral endowment (identified resources and mineral resource potential) of the study area and is the product of several separate studies by the USBM and the USGS in 1984. Identified resources are classified according to the system of the USBM and USGS (1980) , which is shown in the appendix of this report. Identified resources are studied by the USBM. Mineral resource potential is the likelihood of occurrence of undiscovered metals and nonmetals, industrial rocks and minerals, and of undiscovered energy sources (coal, oil, gas, oil shale, and geothermal sources). Potential is classified according to the system of Goudarzi (1984) , which is shown in the appendix. Undiscovered resources are studied by the USGS. 
History of Mining
Placer gold was discovered along Dyce and Steel Creeks during the 1860's (Corey, 1933, p. 25) , and lodes were discovered soon after in the drainage basins of Scudder, Dyce, and Taylor Creeks, an area southeast of the study area that became known as the Baldy Mountain mining district (Geach, 1972, p. 69) . Records of mining in the Baldy Mountain district are sparse, but apparently the ore bodies were small and mining essentially ceased before 1900. In the 1950's, tungsten was discovered in the Baldy Mountain district, and a mill was built in 1955 to process the ore; however, no record of tungsten production is known. Total recorded production since records have been kept beginning in 1902 is 348 oz (troy ounces) gold, 3,418 oz silver, 4,986 Ibs (pounds) copper, 80,901 Ibs lead, and 6,700 Ibs zinc (Geach, 1972, p. 69) . The Polaris mining district, about 0.5 mi north of the study area, consists of only one notable mine, the Polaris, which was discovered in 1883 and which has produced at least some ore in most years since. Geach (1972, p. 121 
Geology
The Pioneer Mountains are a subcircular mountain mass formed mainly of Proterozoic, Paleozoic, and Mesozoic sedimentary rocks that have been intruded by many large and small bodies of Late Cretaceous and early Tertiary igneous rocks (Pearson and Zen, 1985) . Minor amounts of Tertiary sedimentary and volcanic rocks are also present within the range as well as in basins surrounding it. The range is within a belt of thrust faults, and in many places the pre-Tertiary sedimentary rocks exposed among the plutons are complexly folded and show evidence of being moved laterally along thrust faults. Vertical movement on steep faults has affected some Tertiary rocks as well as the older rocks. The eastern half of the Pioneer Mountains is mainly a single body of intrusive igneous rock called Uphill Creek Granodiorite of Cretaceous age.
The oldest rocks in the study area are Middle Proterozoic quartzite, which does not crop out but is inferred on the basis of float to be present in a narrow strip along the north boundary (pi. 1). These rocks, which were intruded by the granodiorite, are tentatively assigned to the Mount Shields Formation of the Missoula Group on the basis of their similarity in lithology and bedding characteristics to rocks of this formation to the north of Decomposed, medium-grained granodiorite and a minor amount of quartzFloat consists of 95 percent quartzite and 5 percent granodiorite.
Float consists of decomposed granodiorite.
Workings
One 20-ft-long trench.
One 30-ft-long trench.
One 22-ft-long trench.
Sample data
One random grab sample of quartzite and granodiorite contained no significant values.
One chip sample contained no significant values.
One random grab sample contained no significant values.
BM5

BM6
Unknown Quartzite and granodiorite float, Steel Creek A 2-to 4-ft-thick iron-oxide-stained, adit. 3.0 ft thick gouge-filled shear zone trends east and dips 55 S. in medium-grained granodiorite.
One pit One random grab sample of quartzite and granodiorite contained no significant values.
One pit and an Three chip samples across the shear inclined adit.
zone contained no significant values.
Could not be identified by claim notices or through published or unpublished reports.
the batholith in the Wise River valley ( fig. 1 ). The rocks are mostly thick-to thin-bedded, coarse-and mediumgrained, variably micaceous and feldspathic quartzite and minor quartzose phyllite. Biotite, muscovite, and chlorite are common within the quartzite and on fractures, presumably as a result of metamorphism by the granodiorite. The contact of quartzite with granodiorite is obscure because of numerous small dikes that intrude the contact zone.
The study area is underlain almost entirely by Uphill Creek Granodiorite (pi. I). The granodiorite in the area is part of a westward protrusion near the south end of the Pioneer batholith (Pearson and Zen, 1985) . On the north and west sides of the protrusion, the granodiorite intrudes Proterozoic quartzite; on the southwest and south sides, it intrudes older intrusive rocks, mainly biotitepyroxene granodiorite and hornblende gabbro, and at one place it probably intrudes Jefferson Dolomite (Devonian). Uphill Creek Granodiorite is light gray, medium grained, and nonfohated, and it contains several percent each of hornblende and biotite. Within the study area, the rock appears to be fairly uniform in composition and texture. It weathers into rounded outcrops and a loose aggregate of mineral grains. Further description of the rock is given by Snee (1978 Snee ( , 1982 . The contact of the granodiorite with Proterozoic quartzite along the north boundary of the area is poorly exposed, but elsewhere near the study area it is commonly a gradational zone as much as a few hundred feet wide, consisting of small light-and dark-colored dikes and minor tourmaline-bearing quartz veins in partially recrystallized and fractured micaceous quartzite.
The lobate block stream in the eastern part of the study area is composed of boulder-sized angular to subrounded fragments of Proterozoic quartzite and minor granodiorite that were derived from the southwest flank of Baldy Mountain. The deposit occupies tributary valleys of Farlin Creek and is at least 100 ft thick in places. It is probably a periglacial deposit that formed in the Pleistocene.
Geologic mapping in the surrounding region (Pearson and Zen, 1985) has shown the Proterozoic quartzite to be part of the upper plate of a major thrust fault. The lower plate, if present near the Farlin Creek area, is probably composed in part or wholly of Paleozoic carbonate rocks, which are the most favorable host rocks for ore deposits in the mining districts of the eastern Pioneer Mountains. Beneath the Farlin Creek area, however, these carbonate rocks may not be present at all because of intrusion of the Pioneer batholith; and even if they are present, they are probably very deeply buried.
Geochemistry
Four rock samples (84P004-84P007) collected by the USGS are located on map A (pi. 1), and the analyses are given in table 2. The rock samples contained no elements in unusually large amounts. 
Stream-sediment samples were collected from Farlin Creek in 1979 by George Breit of the USGS. These samples were collected in connection with a detailed geochemical study of the Polaris district (Breit, 1980 ) and were also utilized in the mineral resource appraisal of the eastern Pioneer Mountains (Pearson and others, 1983) . Five of the samples (8FH3181-8FH3195) were collected from Farlin Creek downstream from (west of) the study area, and one (8FH3175) was from a northern tributary of Farlin Creek, also west of the area. The remaining three samples (8FH3141-8FH3150) were from Farlin Creek along the northwest boundary of the study area. Sample localities are shown on map A (pi. 1), and analytical data are given in table 2.
Except for a few elements in a few samples, the analytical data are generally at background levels. No gold or silver was detected in any of the USGS samples. Small amounts (5-15 ppm (parts per million)) of molyb-denum were detected in four stream-sediment samples; one of these also contained 50 ppm tungsten, and another, 10 ppm arsenic. Of these four samples, only one, sample 8FH3141, was from within the study area; it contained 15 ppm molybdenum and no other elements of apparent significance. The next three samples downstream from 8FH3141 did not contain detectable molybdenum.
The only mineralized rocks known in the Farlin Creek drainage basin that are likely sources of the molybdenum, tungsten, and arsenic detected in the stream sediments are (1) west of the study area at the head of the northern tributary mentioned above, which contains several small mines and prospects in the southern part of the Polaris district, and (2) east of the study area at the head of Farlin Creek at elevations of 9,000-9,700 ft on the southwest flank of Baldy Mountain ( fig. 1) , where quartz veins have been prospected and possibly mined. However, the amounts of these elements in the streamsediment samples are low at the lower limit of detection, except for molybdenum and the anomalous samples are interspersed along the stream with samples that are not anomalous, both factors suggesting small local sources that, in the absence of other encouraging information, are not regarded as favorable indications for the presence of mineral resources in the study area. 
Geophysics Gravity and Magnetic Studies
Gravity-and magnetic-anomaly data for the Farlin Creek Wilderness Study Area principally reflect occurrences and lateral boundaries of plutonic rocks and of valley fill. Supplementary magnetization and density measurements of Proterozoic quartzite, Paleozoic carbonate, and Cretaceous Uphill Creek Granodiorite (table 3) from within or near the study area indicate that the plutonic rocks are much more strongly magnetic but of about the same density as the quartzite and carbonate rocks.
Gravity-Anomaly Data
A gravity survey conducted by J. H. Hassemer using a LaCoste and Romberg 1 geodetic gravimeter and consisting of 40 measurements was combined with 13 gravity measurements from Kaufmann and others (1983) made with the same type of gravimeter. The combined gravity data were reduced to Bouguer gravity anomalies by standard procedures, as summarized by Cordell and others (1982) .
"Any use of trade names is for descriptive purposes only and does not imply endorsement by the U.S. Geological Survey.
The western margin of the area shown on map B (pi. 1) is marked by a gradient expressed by northtrending contours; this gradient is generated by lowdensity valley fill, which thickens westward, in juxtaposition with Proterozoic rocks intruded by plutonic rocks. The gradient is steepest in the southwestern part of the area where the Proterozoic rocks have been intruded by relatively dense gabbro. Farther north, the gradient decreases either because the Proterozoic rocks are intruded by less dense granodiorite or because the valley fill is thinner.
A broad gravity high (H, map B, pi. 1) in the southeastern part of the map area plunges northwestward to the vicinity of Farlin Creek, indicating that relatively dense gabbro underlies a larger region than its outcrop indicates. This gravity high was previously known (Kaufmann and others, 1983), but its shape was uncertain because of a paucity of data. The new data show that the high is interrupted to the north by a pronounced indentation of the 218-milligal contour. This indentation outlines a narrow gravity low (L, map B, pi. 1) that is inferred to mark a subsurface boundary between a terrane with gabbro to the south and one without gabbro to the north. The low is approximately aligned with Farlin Creek. Subsurface rock alteration or injection of lowdensity silicic material, if confined to a narrow zone underlying Farlin Creek, could be the source of the gravity low. However, there is no geologic or geochemical evidence of such a low-density body.
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Magnetic-Anomaly Data
The aeromagnetic anomaly map shown as map C (pi. 1) is part of a survey flown at a barometric elevation of 2,740 m (meters) and consisting of east-west flight lines spaced about 0.8 km (kilometers) apart (U.S. Geological Survey, 1979) . Aeromagnetic values, contoured at a 20-gamma interval, are based on the International Geomagnetic Reference Field 1975, updated to the month and year flown, to which a bias of 57,270 gammas has been added. In addition to aeromagnetic data, ground magnetic data were obtained along traverses shown on map D (pi. 1). The ground magnetic data were measured by a proton-precession magnetometer mounted on a staff 3 m high. Profiles of both ground and aeromagnetic data along these traverses appear on figure 3 and show that the ground anomalies are greatly attenuated with altitude.
The steep magnetic gradient expressed by north-to northeast-trending contours across much of the central part of map C (pi. 1) follows exposed and partly buried contacts of magnetic plutonic rocks that intrude the less magnetic Proterozoic and Paleozoic sedimentary rocks. The circular high in the southeastern part of the map C area is inferred to reflect highly magnetic gabbro at the margin of, and extending beneath, the exposed granodiorite, in agreement with the gravity-anomaly data. Like the gravity high in this region, the magnetic high is interrupted to the north by a pronounced indentation of contour lines in the form of a low in the vicinity of Farlin Creek. Confirmation of this low is supplied by ground magnetic profile B-B' although the profile does not correspond in position to the lowest part of the aeromagnetic low. The magnetic low in part results from the polarization effect caused by the highly magnetic gabbro to the south that is also topographically high, but, unlike the gravity low, the magnetic low extends over the block stream (unit Qb, map A, pi. 1), and only parts of the two lows overlap. In addition to the polarization effect, the magnetic low is interpreted to be caused by a narrow zone of relatively nonmagnetic subsurface rock, part of which is also lower in density than surrounding rocks as interpreted from gravity-anomaly data. Magnetic profile A-A' (fig. 3) illustrates strikingly the low magnetic character of the Paleozoic sedimentary rocks and also the local variations in the magnetic field that are not evident in the aeromagnetic data.
Conclusions
The gravity-and magnetic-anomaly maps are remarkably consistent with one another inasmuch as each map shows (1) a conspicuous gradient near the margin of exposed or buried plutonic rocks, (2) a salient high over rock terrane inferred to be gabbro-rich beneath a tract of mapped granodiorite partly rimmed by gabbro at the surface, and (3) a narrow low shown by indented contours (although the gravity and magnetic lows are only partially coincident), aligned with Farlin Creek at the northern margin of the salient high, indicating a narrow zone of relatively low magnetization and density.
The only geophysical signatures of interest with regard to possible subsurface mineralization are the partially overlapping paired lows along Farlin Creek. These lows could be associated with rock alteration or silicic (lowdensity) intrusion in a narrow band beneath Farlin Creek; if so, the possibility of mineralization is enhanced. However, no significant alteration or silicification at the ground surface is indicated by geologic or geochemical data in this region.
Electrical Studies
In and adjacent to the Farlin Creek area, electrical properties were measured along 2 telluric traverses and at 10 audio-magnetotelluric (AMT) stations, located on map D (pi. 1) and described in more detail by Hoover and Pierce (1985) . Abrupt decreases in telluric voltage, and hence resistivity, noted on the western ends of both profiles ( fig. 4A, 4fi) , result from thick alluvial fill in the valley on the west, and the position of the abrupt change is inferred to mark the location of a range-front fault.
The eastern half of traverse 1 is partly within the study area (map D, pi. 1). Resistivities measured between stations 0 and IE, corresponding to AMT sounding 63 ( fig. 4Z> ), are high, above 1,000 ohm meters for frequencies below 100 hz (hertz), which are those that measure the Earth's resistivity at depths greater than about 1 km (0.6 mi). These values are typical of a relatively tight, unaltered intrusive rock, and the gradual increase in resistivity with decreasing frequency shows the gradual decrease in water-filled fractures with depth. Areas of low resistivities within the mapped granodiorite are located on traverse 1 near stations 5-6W and 3-4E (map D, pi. 1). These low resistivities are inferred to be related to increased fracturing and alteration of the granodiorite in the vicinity of these dipole positions. Resistivities implied by the telluric data at stations 3-4E are about 250 ohm meters.
AMT soundings at station 65 (map D, pi. 1), which is 1,000 ft south of dipole 5-6W on telluric line 1, show distinctly ( fig. 4F ) that a lateral resistivity boundary is present. This is probably the same boundary detected near station 5W on the telluric line. No AMT sounding is close to dipole 3-4E on line 1. Soundings at station 64 ( fig.  4£ ), within the study area, show apparent resistivities of more than 2,000 ohm meters, and resistivities increase with depth. Soundings at station 62 ( fig. 4C ), on the eastern side of the study area, 1 mi south of dipole 3-4E, however, are significantly different. There, surface resistivities are high, but a zone of moderate apparent resis- tivities of about 300 ohm meters was observed. The sounding curves are distorted by lateral effects, but a fit to these data using a one-dimensional model indicates a m (2,300 ft); this body is interpreted as hydrothermally altered rock that could be mineralized with molybdenum. lin Creek, but at Price Creek the rock has been intensely altered at the surface. The contacts of altered rock with unaltered rock at Price Creek are commonly sharp. If a similar sharp contact exists at Farlin Creek, a buried altered zone may not be evident at the surface. The sounding at station 62 ( fig. 4C) shows that the altered zone is below 500 m (1,640 ft). Inasmuch as vein and replacement deposits of base and precious metals are considered typical of lower temperature environments around large molybdenum systems, the Polaris district, less than 1 mi north of the Farlin Creek area, and the Baldy Mountain district, about 2 mi to the southeast, could possibly be distal products of such a system.
Mineral and Energy Resources
The eastern Pioneer Mountains contain several small to medium-sized mining districts ( fig. 1) , some of which were valuable for gold, others for silver and lead, and still others for tungsten; several molybdenum prospects and deposits are also known but have not been mined. The Farlin Creek area is between two of these districts, about 0.5 mi south of the Polaris district and 1-4 mi north and northwest of the Baldy Mountain district. These two, like most other districts in the eastern Pioneer Mountains, have produced ores from Paleozoic carbonate rocks near or adjacent to the Pioneer batholith or to satellitic plutons. The Polaris district contains only one significant mine, the Polaris, from which silver-rich ore has been mined from quartz veins in dolomitic marble along and adjacent to a fault that separates the marble from Proterozoic quartzite (north of area shown on fig. 2 ). The Baldy Mountain district also contains quartz veins in carbonate rocks, but none of the numerous small mines that explored these veins has proved to be very productive. The small amounts of ore mined (Geach, 1972) were valuable mainly for gold. Tungsten in skarn is also known to be present in small amounts in the Baldy Mountain district, but production has been insignificant (Pattee, 1960) .
The only mining district in the eastern Pioneer Mountains that has a geologic setting at all similar to the Farlin Creek area that is, within the Pioneer batholith is the Elkhorn district, about 5-10 mi north of the Farlin Creek area. This district contains a large number of quartz veins, some of which have been mined, mainly for silver localized in the highly fractured hanging wall of a major through-going fault. No similar structure is known in the study area. The Elkhorn district, together with the nearby Price Creek altered zone, has been explored for molybdenum.
An examination of the granodiorite within the Farlin Creek area by the Bureau of Mines (Schmauch, 1985) failed to disclose evidence of mineralization, hydrothermal alteration, or significant fracturing. The only evidences of prospecting are near the north edge of the area where bulldozer cuts associated with claim posts evidently represent the perfunctory digging done in 1983 to validate claims staked in a solid block (Schmauch, 1985) . No evidence of mineralized rock was found in these pits, only slightly weathered, brown granodiorite. Samples taken by the USBM and the USGS from these pits (tables 1 and 2) contained no detected gold or silver nor other elements in amounts that suggest that the rocks have been mineralized.
Electrical geophysical data show resistivities in two areas in the eastern part of the study area that are similar to values measured over the Price Creek molybdenum prospect a few miles to the north; these electrical anomalies may be caused by hydrothermally altered rock at depth. In addition, the partial overlap of magnetic and gravity lows in the central part of the area is another anomaly that could be caused by altered rock at depth. Although no evidence of alteration or mineralization was found at the surface, on the basis of the geophysical evidence these three areas are considered to have moderate mineral resource potential for molybdenum. The level of certainty of the assigned moderate potential is B, which means that available data are sufficient only to suggest the level of potential (see definitions inside front cover).
The entire study area has low potential for all metals except molybdenum, at certainty level C, which means that available information gives a good indication of the level of potential. The entire area has low potential for nonmetallic and energy minerals, oil and gas, and geothermal energy, at certainty level C. 
